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VWUXFWXUDODQGWKHGLVVROXWLRQSURSHUWLHVRI&+$ZKLFKPLJKWSURYLGHWKHLQIRUPDWLRQIRUEHWWHUXQGHUVWDQGLQJRI
WKHGLIIHUHQFHVLQGLVVROXWLRQSURSHUWLHVRI&+$FRPSDUHGWRWKH+$
)RUEHWWHUFRUUHODWLRQRIWKHQDQRVFDOHPDWHULDOSURSHUWLHVWRWKHLUDERYHPHQWLRQHGPLFURVWUXFWXUDOSDUDPHWHUV
WKHUHE\ DFKLHYLQJ SURSHU XQGHUVWDQGLQJ DQG SUHGLFWLRQ WKHLU VL]H LV UHTXLUHG WR EH FDOFXODWHG DV DFFXUDWHO\ DV
SRVVLEOH6RIDU6FKHUUHUPHWKRGLVDZHOONQRZQPHWKRGWRFDOFXODWHWKHFU\VWDOOLWHVL]HEDVHGRQWKHEURDGHQLQJRI
WKH ;UD\ GLIIUDFWLRQ SHDNV IURP WKH SRZGHU GLIIUDFWLRQ GDWD +RZHYHU 6FKHUUHU PHWKRG XQGHUHVWLPDWHV WKH
FU\VWDOOLWH VL]H EHFDXVH RI QRW FRQVLGHULQJ WKH LQVWUXPHQWDO DQG VWUDLQ FRQWULEXWLRQ WR WKH ;UD\ GLIIUDFWLRQ SHDN
EURDGHQLQJ+HQFH;UD\GLIIUDFWLRQSHDNSURILOHDQDO\VLVKDVEHHQZLGHO\XVHGWRFDOFXODWHWKHFU\VWDOOLWHVL]HPRUH
DFFXUDWHO\E\FRQVLGHULQJDOO WKHRWKHU LPSRUWDQW IDFWRUVVXFKDV LQVWUXPHQWDODQGVWUDLQFRQWULEXWLRQ WR WKH;UD\
GLIIUDFWLRQSHDNEURDGHQLQJ$SDUWIURPWKHVHWKHYDULRXVDQDO\WLFDOPHWKRGVVXFKDVWKHZKROHGLIIUDFWLRQSDWWHUQ
ILWWLQJPHWKRGVDUHDOVREHLQJXVHGWRHVWLPDWHWKHFU\VWDOOLWHVL]HDQGWKHODWWLFHVWUDLQSUHVHQWLQWKHPDWHULDOIURP
;UD\ SHDN EURDGHQLQJ :DUUHQ DQG $YHUEDFK  +RZHYHU ILWWLQJ WKH FRPSOHWH SRZGHU GLIIUDFWLRQ GDWD
DFFXUDWHO\LVFRPSOLFDWHGDQGKHQFHLWDWWUDFWVPDQ\LQGLUHFWPHWKRGVVXFKDV:LOOLDPVRQ+DOO:+PHWKRGDQG
:DUUHQ $YHUEDFK :$ DQDO\VLV IRU HVWLPDWLQJ WKH ODWWLFH VWUDLQ DQG FU\VWDOOLWH VL]H >:DUUHQ HW DO 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:LOOLDPVRQ DQG+DOO  ,Q:$ DQDO\VLV WKH LQWHQVLW\ RI WKH GLIIUDFWHG;UD\ EHDP LV FDOFXODWHG LQ )RXULHU
VSDFHDQG WKLV LQWHQVLW\ LVFRQVLGHUHGDVDYDOXHJLYHQE\ WKHFRQYROXWLRQRI VL]HDQGVWUDLQEURDGHQLQJ :DUUHQ
:KHUHDV:+DQDO\VLV LVDVLPSOLILHGPHWKRGZKLFKFOHDUO\GLIIHUHQWLDWHVEHWZHHQVL]H LQGXFHGDQGVWUDLQ
LQGXFHGSHDNEURDGHQLQJE\FRQVLGHULQJWKHSHDNZLGWKDVDIXQFWLRQRIș 6XU\DQDUD\DQDDQG1RUWRQ,Q
DGGLWLRQWRWKHVHWKH YDULDQFHPHWKRG RI;UD\GLIIUDFWLRQSHDNSURILOHDQDO\VLVLVDVXSHULRUPHWKRGRIFDOFXODWLQJ
WKHFU\VWDOOLWHVL]HDQGWKHODWWLFHVWUDLQSUHVHQWLQWKHQDQRVL]HGPDWHULDOVEDVHGRQWKHDQJXODUUDQJHRYHUZKLFKWKH
LQWHQVLW\RIWKHGLIIUDFWLRQSHDNLVPHDVXUHG
7KH REMHFWLYH RI WKLV ZRUN LV WR HVWLPDWH DQG FRPSDUH WKHPLFURVWUXFWXUDO SDUDPHWHUV QDPHO\ FU\VWDOOLWH VL]H
PHDQ VTXDUHG DQG URRWPHDQ VTXDUHG ODWWLFH VWUDLQ DQG GLVORFDWLRQ GHQVLW\ RI +$ DQG &+$  E\ XVLQJ YDULDQFH
PHWKRG RI ;UD\ GLIIUDFWLRQ SHDN SURILOH DQDO\VLV WKHUHE\ FRUUHODWLQJ WKH FDOFXODWHG PLFURVWUXFWXUDO SDUDPHWHU
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PLFURZDYH LUUDGLDWLRQ IRU DQRSWLPL]HG WLPHRIPLQ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+$ DQG&+$¶V RFFXU XQGHU WKHPLFURZDYH LUUDGLDWLRQ LQ D VKRUWHU SHULRG7KH SURGXFWV REWDLQHG DIWHU ILOWUDWLRQ
ZHUHGULHGDW&IRUKDQGWKHFDNHVREWDLQHGDIWHUGU\LQJZHUHSRZGHUHGVHSDUDWHO\ZLWKDJDWHPRUWDUDQG
SHVWOH
 &KDUDFWHUL]DWLRQ
7KH;UD\GLIIUDFWLRQLVFDUULHGRXWIRUWKHVHDVV\QWKHVL]HGSRZGHUSDUWLFOHVE\XVLQJD5LJDNX8OWLPD,,,;UD\
GLIIUDFWRPHWHUZLWK&X.Į UDGLDWLRQȜ  cRYHUWKHșUDQJHRI±XVLQJDVWHSVL]HRIDQGVWHS
WLPHRIV7KHSUHIHUUHGKLJKLQWHQVLW\SHDNVDQGFRUUHVSRQGLQJWRFRPSDUDWLYHO\KLJKHU
GLIIUDFWLRQDQJOHZHUHFKRVHQWRHVWLPDWHWKHPLFURVWUXFWXUDOSDUDPHWHUVE\YDULDQFHDQDO\VLVRI;UD\GLIIUDFWLRQ
SHDNSURILOHV7KHIXQFWLRQDOJURXSVSUHVHQWLQDVSUHSDUHG+$DQG&+$ZHUHDVFHUWDLQHGE\)7,53HUNLQ(OPHU
6SHFWUXP2QH86$RYHU WKH UHJLRQ± FP LQSHOOHW IRUP IRU WKHSRZGHU VDPSOHVRI PJPL[HGZLWK
VSHFWURVFRSLFJUDGH.%U0HUFNRIPJ6SHFWUDZHUHUHFRUGHGDWFP UHVROXWLRQDYHUDJLQJVFDQV7KH
VL]H DQG WKH PRUSKRORJ\ RI +$ DQG &+$ SRZGHU SDUWLFOHV ZHUH DQDO\]HG E\ WUDQVPLVVLRQ HOHFWURQ PLFURVFRSH
7(03KLOLSV&067(01HWKHUODQGV)RU7(0DQDO\VLVWKHSRZGHUVDPSOHVZHUHXOWUDVRQLFDOO\GLVSHUVHGLQ
HWKDQROWRIRUPGLOXWHVXVSHQVLRQVDQGWKHQDIHZGURSVZHUHGHSRVLWHGRQWKHFDUERQFRDWHGFRSSHUJULGV
 ,QYLWUR GLVVROXWLRQ VWXG\RI+$DQG&+$
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7KH LQYLWUR GLVVROXWLRQVWXGLHVRI+$&+$DQG&+$ZHUHFDUULHGRXWXQGHUVLPXODWHGRVWHRFODVWLFUHVRUSWLRQ
FRQGLWLRQVDWDS+RIDERXW 5DPHVKEDEXDQG3UDVDG 5DR LQRUGHUWRVLPXODWHJHQHUDOUHPRGHOOLQJRIWKH
VNHOHWDOV\VWHP&RPSDFWVZHUHSUHSDUHGE\XQLD[LDOO\SUHVVLQJPJRISRZGHUDW03DLQDPPGLDPHWHU
VWDLQOHVVVWHHOGLH7KHLQLWLDOZHLJKWVRIWKHFRPSDFWHGVDPSOHVZHUHQRWHG7KHFRPSDFWHGVDPSOHVZHUHLPPHUVHG
LQWRS+PHGLXPSUHSDUHGE\DGGLQJGLOXWHGQLWULFDFLGWRGRXEOHGLVWLOOHGZDWHURIPOHDFKDWWHPSHUDWXUH
&7KHS+ZDVFKHFNHGDQGDGMXVWHGDWUHJXODULQWHUYDOVK,IWKHS+ZDVLQFUHDVHGGXHWRQHXWUDOL]DWLRQRI
WKHEDVLFFDOFLXPSKRVSKDWH1+12 ZDVDGGHGLQRUGHUWRPDLQWDLQDQDYHUDJHS+RI7KHVDPSOHVZHUH
WDNHQRXWDIWHUKDQGZHLJKHGDIWHUGU\LQJ
 5HVXOWVDQGGLVFXVVLRQ
 ;5'DQG)7,5DQDO\VLVRI+$DQG&+$QDQRSDUWLFOHV
7KH ;5' VSHFWUD RI DVV\QWKHVL]HG +$ &+$ DQG &+$ VDPSOHV DUH VKRZQ LQ )LJ D E DQG F
UHVSHFWLYHO\
)LJ;5'SDWWHUQVRIDVV\QWKHVL]HGQDQRFU\VWDOOLQH+$D&+$EDQG&+$F
7KH;5' VSHFWUD RI +$ &+$ DQG &+$ DUH VLPLODU DQG H[KLELW VHYHUDO GLIIUDFWLRQ SHDNV ZKLFK DUH ZHOO
PDWFKHGZLWKWKHGLIIUDFWLRQSHDNVRIWKHVWDQGDUG-&3'6SDWWHUQRIK\GUR[\DSDWLWHDQGFDQEHDVVLJQHGWR
KH[DJRQDO FU\VWDO VWUXFWXUH ZLWK VSDFH JURXS 3P ,Q DGGLWLRQ WKH GLIIUDFWLRQ SHDNV DUH PDUNHGO\ EURDGHU
VXJJHVWLQJ WKDW WKHSUHSDUHGSRZGHUSDUWLFOHVDUH LQQDQRVL]H$VFRPSDUHG WR WKH;UD\GLIIUDFWLRQSHDNVRI+$
SDUWLFOHV>)LJD@WKHGLIIUDFWLRQSHDNVRI&+$DQG&+$SDUWLFOHV>)LJEDQGF@DUHSURJUHVVLYHO\EURDGHU
LQGLFDWLQJ WKDW WKH FU\VWDOOLQLW\ RI +$ GHFUHDVHV VXFFHVVLYHO\ ZLWK DQ LQFUHDVH RI FDUERQDWH VXEVWLWXWLRQ 7KH
FDOFXODWHGDYHUDJHIXOOZLGWKDWKDOIPD[LPXPRIWKHGLIIUDFWLRQSHDNVWDNHQIRUWKHYDULDQFHDQDO\VLVDUH
DQGUHVSHFWLYHO\ IRU+$&+$DQG&+$7KHGHFUHDVHRI+$FU\VWDOOLQLW\ZLWKDQ LQFUHDVHRI
FDUERQDWH VXEVWLWXWLRQ LQ WR +$ ODWWLFH LV DOVR HYLGHQW IURP WKH SURJUHVVLYHO\ UHGXFHG LQWHQVLW\ RI WKH KROORZ
EHWZHHQDQGPHUJHGZLWKGLIIUDFWLRQSHDNV7KLVFRQILUPVWKDWWKHVXEVWLWXWLRQ RIFDUERQDWHLRQVLQWR
WKH+$ODWWLFHFRXOGGHJUDGHWKHFU\VWDOOLQLW\RI+$7RFRQILUPWKHVXEVWLWXWLRQRIFDUERQDWHLQWR+$ODWWLFHWKH
;5'SDWWHUQVDURXQGWKHPDLQSHDNș RI+$&+$DQG&+$>DEDQGFUHVSHFWLYHO\@VDPSOHV
ZHUHH[SDQGHGDQGDUHVKRZQLQWKHLQVHWJUDSKRI)LJ7KHVKLIWRIDQGGLIIUDFWLRQSHDNVLQERWK
&+$DQG&+$WRZDUGVKLJKHUDQJOHFRPSDUHGWR+$FOHDUO\VXJJHVWVWKHVXEVWLWXWLRQRIFDUERQDWHLQ+$ODWWLFH
7KH VKLIW RI WKH GLIIUDFWLRQ SHDNV WRZDUGV KLJKHU RU ORZHU GLIIUDFWLRQ DQJOHV LV LQ DFFRUGDQFH ZLWK WKH %UDJJ¶V
GLIIUDFWLRQODZ>GKNO VLQșKNO  QȜ@DQGGHSHQGVRQWKHVPDOOHURUODUJHUVL]HRIWKHVXEVWLWXWHGVSHFLHV&XOOLW\
7KHVKLIWRIDQGGLIIUDFWLRQSHDNV>)LJLQVHWJUDSK@LQERWK&+$DQG&+$WRZDUGVKLJKHUDQJOH
FRPSDUHG WR+$ LV GXH WR WKH VXEVWLWXWLRQ RI VPDOOHU FDUERQDWH LRQV WR ODUJHU SKRVSKDWH LRQV LQ+$ ODWWLFH7KH
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GHFUHDVLQJWUHQGRIDD[LVZLWKLQFUHDVLQJFDUERQDWHFRQWHQWLVGXHWRWKHUHSODFHPHQWRI ODUJHUSKRVSKDWHLRQZLWK
VPDOOHU FDUERQDWH LRQ ZKLFK LV DOVR UHVSRQVLEOH IRU WKH VKLIW RI WKH HQWLUH GLIIUDFWLRQ SDWWHUQ WRZDUGV D KLJKHU
GLIIUDFWLRQ DQJOH DV VKRZQ LQ WKH LQVHW JUDSK RI )LJ  7KH;5' UHVXOWV WKXV LQGLFDWH WKH IRUPDWLRQ RI% W\SH
FDUERQDWHG+$7KHDEVHQFHRILPSXULWLHVDQGWKH%W\SHVXEVWLWXWLRQRI &2
 LQWKH+$ODWWLFHDUHDOVRSURYHGE\
)7,5DQDO\VLV
)LJ)7,5VSHFWUDRIDVV\QWKHVL]HGQDQRFU\VWDOOLQH+$D&+$EDQG&+$F
7KH)7,5 VSHFWUD RI+$ &+$DQG &+$ VDPSOHV DUH VKRZQ LQ )LJ  D E DQG F UHVSHFWLYHO\ ,Q WKH
PLGGOHLQIUDUHGUHJLRQWKH+$VSHFWUXP>)LJD@GLVSOD\VDOOWKHSHDNVSHUWDLQLQJWRK\GUR[\O2+ØZDWHU+
2+DQGSKRVSKDWH32
 IXQFWLRQDOJURXSV7KHVSHFWUDRI&+$>)LJE@DQG&+$>)LJF@VKRZWKH
FKDUDFWHULVWLF DEVRUSWLRQ EDQGV RI WKH +$ LQ DGGLWLRQ WR &2
 EDQGV LQGLFDWLQJ WKH IRUPDWLRQ RI &+$ 7KH
FKDUDFWHULVWLFEDQGVZHUHH[KLELWHGLQDOOWKHVSHFWUDDWWKHLUUHVSHFWLYHEDQGSRVLWLRQV±FPí IRU SKRVSKDWH
EHQGLQJDQGVWUHWFKLQJFPí IRUSKRVSKDWHEHQGLQJ7KHLQFUHDVHGEURDGHQLQJRIWKHSKRVSKDWHFKDUDFWHULVWLF
EDQGV DW  DQG  FPí IRU &+$ DQG &+$ FRPSDUHG WR +$ LV GXH WR UHGXFHG FU\VWDOOLQLW\ DQG VPDOO
GLPHQVLRQDO HIIHFWV RI &+$ DQG &+$ SDUWLFOHV 7KH GHFUHDVH LQ FU\VWDOOLQLW\ ZLWK DQ LQFUHDVH RI FDUERQDWH
VXEVWLWXWLRQLVDOVRHYLGHQWIURPWKHVXFFHVVLYHGHFUHDVHLQLQWHQVLW\RIWKHFKDUDFWHULVWLFEDQGVDWFPí DQG
FPí IRUOLEUDWLRQDO	VWUHWFKLQJPRGHVRIK\GUR[\OYLEUDWLRQVRI&+$DQG&+$FRPSDUHGWRWKDWRI+$+HQFH
LWLVFRQILUPHGWKDWWKHLQFUHDVLQJDPRXQWVRIFDUERQDWHVXEVWLWXWLRQPDNHWKH+$VWUXFWXUHPRUHDPRUSKRXVZKLFK
LVLQJRRGDJUHHPHQWZLWKWKHUHVXOW UHSRUWHGE\RWKHUUHVHDUFKHUV.UDMHZVNL HWDO7KHDEVRUSWLRQEDQGVDW
DQGFPí IRU&+$DQG&+$FRUUHVSRQG WR WKH &2
 VXEVWLWXWLRQ IRU%VLWH IRU32
 JURXSV LQ
+$7KHLQFUHDVHLQWKHLQWHQVLW\RIWKHDEVRUSWLRQEDQGVDWDQGFPí IRU&+$FRPSDUHGWR&+$
FRUUHVSRQGVWRWKHLQFUHDVHG &2
 VXEVWLWXWLRQIRU%VLWH7KHOHVVLQWHQVLW\DEVRUSWLRQEDQGVDWDQG
FPí DUHDOVRREVHUYHG LQ+$ WKDWDUHFRUUHVSRQGLQJ WR WKHSUHVHQFHRIFDUERQDWH LRQVZKLFKPD\FRPH IURPD
UHDFWLRQEHWZHHQWKHFDUERQGLR[LGHLQDLUDQGWKHKLJKS+SUHFXUVRUVROXWLRQ .XPWDHWDO+RZHYHU WKH
LQFUHDVHLQLQWHQVLW\RIWKHVHDEVRUSWLRQEDQGVIRU&+$DQG&+$FRQILUPVWKHVXEVWLWXWLRQRIFDUERQDWHLQ+$
ODWWLFH7KXVERWKWKH;5'DQG)7,5UHVXOWVFRQILUPWKH%W\SH &2
 VXEVWLWXWLRQLQ+$$VLWZDVUHSRUWHGWKDW%
W\SH &+$ LV WKH PRVW DEXQGDQW VSHFLHV LQ KXPDQ ERQH /DQGL HW DO  WKH SUHSDUHG &+$ SDUWLFOHV DUH
FKHPLFDOO\DQGVWUXFWXUDOO\DQDORJRXVWRWKHELRORJLFDODSDWLWHLQKXPDQERQH
 'HWHUPLQDWLRQRIFU\VWDOOLWHVL]HRI+$DQG&+$E\6FKHUUHUDQDO\VLV
*HQHUDOO\ WKH;UD\GLIIUDFWLRQSHDNEURDGHQLQJ LVGXH WR WKH LQVWUXPHQWDOEURDGHQLQJEURDGHQLQJGXH WR WKH
FU\VWDOOLWHVL]HDQGWKHODWWLFHVWUDLQSUHVHQWLQWKHPDWHULDO7KHFRQWULEXWLRQVRIHDFKRIWKHVHHIIHFWVDUHFRQYROXWHG
FDXVLQJDQRYHUDOOEURDGHQLQJRIWKHGLIIUDFWLRQSHDNV%HIRUHHVWLPDWLQJWKHFU\VWDOOLWHVL]HDQGWKHODWWLFHVWUDLQLW
LV QHFHVVDU\ WR FRUUHFW WKH LQVWUXPHQWDO HIIHFW 7KH LQVWUXPHQWDO FRUUHFWHG EURDGHQLQJ ȕKNOFRUUHVSRQGLQJ WR WKH
GLIIUDFWLRQSHDNVRI+$DQG&+$ZDVHVWLPDWHGXVLQJWKHHTXDWLRQ
217 K. Venkateswarlu et al. /  Procedia Materials Science  5 ( 2014 )  212 – 221 
ȕKNO ȕKNOPHDVXUHG
  ȕLQVWUXPHQWDO
  Τ 
,WLVZHOONQRZQWKDWWKH 6FKHUHU¶V IRUPXODSURYLGHVRQO\WKHORZHUERXQGWRWKHFU\VWDOOLWHVL]H+HUHWKHFU\VWDOOLWH
VL]HYDOXHLVFDOFXODWHGE\XVLQJ 6FKHUHU¶V IRUPXODWRFRPSDUHZLWKWKHYDOXHVREWDLQHGIURPWKHYDULDQFHDQG7(0
DQDO\VLV UHVXOWV7KH FU\VWDOOLWH VL]HV RI+$ &+$ DQG &+$ZHUH HVWLPDWHG IURP WKH 6FKHUHU¶V HTXDWLRQ DV
JLYHQEHORZ
'Y  
NȜ
ȕKNO FRV șKNO

:KHUH LVWKHYROXPHZHLJKWHGFU\VWDOOLWHVL]HQPNLVWKHVKDSHIDFWRUN ȜLVWKHZDYHOHQJWKRIWKH;
UD\VȜ QPIRU&X.Į UDGLDWLRQ LV%UDJJGLIIUDFWLRQDQJOHDQG LVWKHEURDGHQLQJRIWKH KNO
GLIIUDFWLRQ SHDNPHDVXUHG DW KDOI RI LWVPD[LPXP LQWHQVLW\ LQ UDGLDQV7KH YROXPHZHLJKWHG FU\VWDOOLWH VL]H
PHDVXUHGE\XVLQJ6FKHUUHU¶VIRUPXODZHUHIRXQGWR EHDQGQPIRU+$&+$DQG&+$UHVSHFWLYHO\
 'HWHUPLQDWLRQRIFU\VWDOOLWHVL]HDQGODWWLFHVWUDLQE\YDULDQFHDQDO\VLV
,IDFU\VWDOLVEURNHQLQWRVPDOOHULQFRKHUHQWO\GLIIUDFWLQJGRPDLQVE\GLVORFDWLRQDUUD\VVPDOODQJOHERXQGDULHV
VWDFNLQJ IDXOWV WZLQV ODUJH DQJOH ERXQGDULHV JUDLQV RU DQ\ RWKHU H[WHQGHG LPSHUIHFWLRQV WKHQ GRPDLQVL]H
EURDGHQLQJ RFFXUV $Q\ ODWWLFH LPSHUIHFWLRQ ZLOO FDXVH GLIIUDFWLRQ OLQH EURDGHQLQJ 7KHUHIRUH GLVORFDWLRQV
YDFDQFLHVLQWHUVWLWLDOVVXEVWLWXWLRQDODQGVLPLODUGHIHFWVOHDGWRODWWLFHVWUDLQ:DMHHWDO9DULDQFHDQDO\VLV
LVWKHPRVWIUHTXHQWO\XVHGDQDO\WLFDOWHFKQLTXHIRUVHSDUDWLQJWKHGRPDLQVL]HDQGWKHODWWLFHVWUDLQEURDGHQLQJWR
FDOFXODWHWKHFU\VWDOOLWHVL]HDQGWKHODWWLFHVWUDLQPRUHDFFXUDWHO\7KHDSSOLFDELOLW\RIWKHYDULDQFHRUPHDQVTXDUH
EUHDGWKWRWKHDQDO\VLV RIWKHOLQHEURDGHQLQJRIWKH;UD\GLIIUDFWLRQSHDNVZDVFOHDUO\GHPRQVWUDWHGE\:LOVRQ,I
WKHOLQHEURDGHQLQJLVGXHERWKWRWKHFU\VWDOOLWHVL]HDQGWKHODWWLFHVWUDLQWKHQWKHYDULDQFHLQșFRRUGLQDWHVDOVR
FDOOHGPHDQVTXDUHEUHDGWK$TXD LVJLYHQE\
: ș ȕKNO
  Ȝǻș
ʌ3FRVș
 WDQșİ! 
:KHUH ¨șLVWKHDQJXODUUDQJHRYHUZKLFKWKHLQWHQVLW\RIWKHGLIIUDFWLRQSHDNLVPHDVXUHGUDGLDQ3LVWKH
DSSDUHQWFU\VWDOOLWHVL]HQPDQGİ! LVWKHPHDQVTXDUHVWUDLQ7KHHIIHFWLYHRUUHDOFU\VWDOOLWHVL]H3HLVGHILQHG
E\WKHUDWLR3.ZKHUH.LVWKHFU\VWDOOLWHVKDSHIDFWRU7KHFU\VWDOOLWHVL]HDQGWKHVWUDLQFRQWULEXWLRQVWRWKHWUXH
YDULDQFHREWDLQHGDIWHULQVWUXPHQWDOSURILOHFRUUHFWLRQDUHVHSDUDWHGE\SORWWLQJDJUDSKE\WDNLQJWDQșDORQJ[
D[LV DQG DORQJ \D[LV 7KH FU\VWDOOLWH VL]H QP DQG WKH ODWWLFH VWUDLQ ZHUH H[WUDFWHG UHVSHFWLYHO\ IURP WKH
LQWHUFHSWDQGWKHVORSHRIWKHOLQHDUILWPDGHWRWKHSORWGUDZQE\WDNLQJWDQșDORQJ[D[LVDQG ȕKNO
 DORQJ\D[LV
7KHGLVORFDWLRQGHQVLW\ȡLVGHILQHGDVWKHOHQJWKRIWKHGLVORFDWLRQOLQHVSHUXQLWYROXPHRIWKHFU\VWDO:DUUHQ
DQG:DUHNRLV:LOOLDPVRQDQG6PDOOPDQ  VXJJHVWHGDPHWKRGRIFDOFXODWLQJWKHGLVORFDWLRQGHQVLW\
XVLQJWKHH[SUHVVLRQ
ȡ > ξİ
!


3G
@ 
:KHUH İ!

 LVWKHURRWPHDQVTXDUHUPVVWUDLQDQGGLVWKHLQWHUSODQDUVSDFLQJ
7KHYDULDQFHSORWVGUDZQE\ WDNLQJWDQșDORQJ[D[LVDQG ȕKNO
 DORQJ\D[LVDUHVKRZQLQ)LJDEDQGF
IRU+$&+$DQG&+$UHVSHFWLYHO\$VVXPLQJWKDW WKHVWUDLQSUHVHQWLQ WKHPDWHULDO LVXQLIRUPWKHFU\VWDOOLWH
VL]HDQGWKHODWWLFHVWUDLQYDOXHVDUHH[WUDFWHGUHVSHFWLYHO\IURPWKHLQWHUFHSWDQGWKHVORSHRIWKHOLQHDUILWPDGHWR
SORWGUDZQE\WDNLQJWDQșDORQJ[D[LVDQG ȕKNO
 DORQJ\D[LV
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)LJ9DULDQFHDQDO\VLVSORWVRIDVV\QWKHVL]HGQDQRFU\VWDOOLQH+$D&+$EDQG&+$F
7KHHVWLPDWHGYDOXHVRIFU\VWDOOLWHVL]H WKHODWWLFHVWUDLQDQGWKHGLVORFDWLRQGHQVLW\IRU +$&+$DQG&+$
DUHVKRZQLQ7DEOH 7KHUH LVDVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHDYHUDJHFU\VWDOOLWHVL]HFDOFXODWHGE\WKH6FKHUUHU
PHWKRGDQGWKDWREWDLQHGIURP7(0LPDJHDQDO\VLVZKHUHDVDJRRGFRUUHODWLRQLVREVHUYHGEHWZHHQWKHDYHUDJH
FU\VWDOOLWH VL]H FDOFXODWHGE\ YDULDQFH DQDO\VLV DQG WKDW REWDLQHGE\7(0DQDO\VLV7KLV REVHUYDWLRQ VXJJHVWV WKH
LPSRUWDQFHRIGHFRQYROXWLQJWKHLQVWUXPHQWDODQGWKHODWWLFHVWUDLQEURDGHQLQJZKLOHFDOFXODWLQJWKHFU\VWDOOLWHVL]H
RIHVSHFLDOO\QDQRFU\VWDOOLQHPDWHULDOVIURP;UD\SHDNEURDGHQLQJZKLFKLVDOVRUHSRUWHGE\WKHDXWKRUVLQSUHYLRXV
VWXG\ 9HQNDWHVZDUOXHW DO ,W LV DOVRREVHUYHG IURP7DEOH WKDW WKHFU\VWDOOLWH VL]H LVGHFUHDVHGZLWK WKH
LQFUHDVHRIFDUERQDWHVXEVWLWXWLRQLQ+$ODWWLFH7KLVLVGXHWRWKHVXFFHVVLYHGHJUDGDWLRQRIFU\VWDOOLQH+$ODWWLFH
ZLWK WKH SURJUHVVLYH LQFRUSRUDWLRQ RI VPDOOHU SODQDU FDUERQDWH LRQV LQ WR WKH ODWWLFH VLWHV RI ODUJHU WHWUDJRQDO
SKRVSKDWH LRQVRI+$ZKLFK DUH DOVR FRQILUPHGE\ WKHEURDGHQLQJ HIIHFW RI;5'DQG)7,5 VSHFWUD7KH ODWWLFH
VWUDLQLVREVHUYHGWREHLQFUHDVHGZLWKWKHLQFUHDVHRIFDUERQDWHFRQWHQW7KHWUHQGRILQFUHDVLQJODWWLFHVWUDLQZLWK
DQ LQFUHDVH RI FDUERQDWH VXEVWLWXWLRQ LV GXH WR WKH LQFUHDVH RI GLVORFDWLRQV PLFUR VWUHVVHV ORQJ UDQJH LQWHUQDO
VWUHVVHV JUDLQ ERXQGDULHV FRKHUHQF\ VWUDLQV DQG FU\VWDOOLWH VPDOOQHVV ZKLFK DUH WKH PDLQ FRQWULEXWRUV RI ODWWLFH
VWUDLQ8QJDU7KLVFDQEHIXUWKHUMXVWLILHGE\WKHLQFUHDVHGGLVORFDWLRQGHQVLW\ZLWKDQLQFUHDVHRIFDUERQDWH
FRQWHQWLQ+$ODWWLFHDVVKRZQLQ7DEOH
7DEOH7KHHVWLPDWHGPLFURVWUXFWXUDOSDUDPHWHUVRIDVV\QWKHVL]HGQDQRFU\VWDOOLQH+$DQG &+$
6DPSOH
6FKHUUHUDQDO\VLV 9DULDQFHDQDO\VLV 7(0DQDO\VLV 'LVORFDWLRQGHQVLW\
'Y
QP
3H QP
İ!î
QRXQLW
İUPV î
QRXQLW
'Y
QP
ȡ î OLQHP
+$      
&+$      
&+$      
7KH LQFUHDVHRI PLFUR VWUHVVHV ZLWKDQ LQFUHDVHRIFDUERQDWHFRQWHQWFDQEHXQGHUVWRRG LQ WHUPVRI WKHFKDUJH
EDODQFLQJPHFKDQLVP*HQHUDOO\ZKHQDFDUERQDWHLRQ&2
VXEVWLWXWHVIRUD2+Ø$W\SHRUD 32
 %W\SHLQ
+$ODWWLFHWKHORFDOFKDUJHFRPSHQVDWLRQWDNHVSODFHE\2+YDFDQF\IRU$W\SHDQGE\DFRPELQDWLRQRI2+DQG
&DYDFDQFLHVIRU%W\SHVXEVWLWXWLRQ)RU$%W\SHFDUERQDWHVXEVWLWXWLRQWKHORFDOFKDUJH FRPSHQVDWLRQWDNHVSODFH
E\DFRPELQDWLRQRIWZR&DDQGRQH2+YDFDQF\SHUWKUHH%VLWHFDUERQDWHVXEVWLWXWLRQV $VWDODDQG6WRWW
$V WKH SUHSDUHG &+$ SDUWLFOHV DUH RI %W\SH FDUERQDWH VXEVWLWXWHG WKH ORFDO FKDUJH EDODQFH WDNHV SODFH E\ D
FRPELQDWLRQRI2+DQG&DYDFDQFLHV7KXVWKHFKDUJHFRPSHQVDWLQJFDWLRQLFDQGDQLRQLFYDFDQFLHVWKHFKHPLFDO
KHWHURJHQHLW\DQG WKHGLIIHUHQFH LQ LRQLF UDGLLRIK\GUR[\O FDUERQDWHDQGSKRVSKDWH LRQVFDQEHDWWULEXWHG WR WKH
LQFUHDVHRIVWUHVVILHOGVLQ+$ODWWLFHZKLFKLQWHUQDUHUHVSRQVLEOHIRUWKHLQFUHDVHGODWWLFHVWUDLQZLWKDQLQFUHDVHRI
FDUERQDWH VXEVWLWXWLRQ7KH LQFUHDVHG ODWWLFH VWUDLQZKLFK LV GXH WR LQFUHDVH LQGLVORFDWLRQV PLFUR VWUHVVHV JUDLQ
ERXQGDULHV FRKHUHQF\VWUDLQVDQGFU\VWDOOLWH VPDOOQHVV LV UHIOHFWHGE\ WKH LQFUHDVHGEURDGHQLQJRI WKHGLIIUDFWLRQ
SHDNV ZLWK WKH LQFUHDVH RI FDUERQDWH VXEVWLWXWLRQ )LJ  ZKHUHDV WKH VXFFHVVLYH LQFUHDVH LQ SHDN VKLIW RI WKH
GLIIUDFWLRQ SHDNV DV VKRZQ LQ LQVHW JUDSK RI )LJ  FRUUHVSRQG PDLQO\ WR WKH LQFUHDVH LQ VWDFNLQJ IDXOWV DQG
WZLQQLQJ 8QJDU 7KXV IURP WKH LQFUHDVH LQ SHDN EURDGHQLQJ DQG SHDN VKLIW LW LV FRQFOXGHG WKDW WKH+$
VWUXFWXUHEHFRPHVPRUHGHIHFWLYHDQGZLOOEHWKHUPRG\QDPLFDOO\LQKLJKHQHUJ\VWDWHZLWKWKHLQFUHDVHRIFDUERQDWH
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VXEVWLWXWLRQ,QWKHSUHVHQWVWXG\WKHURRWPHDQVTXDUHHUURU506(RUVWDQGDUGGHYLDWLRQ6'RIH[SHULPHQWDO
GDWDSRLQWVIURPWKHLGHDOOLQHDUILWIRU+$>)LJD@&+$>)LJE@DQG&+$>)LJF@DUHUHVSHFWLYHO\
JLYHQE\î î DQGî7KRXJKWKHGDWDSRLQWVVHHPWREHYLVXDOO\VFDWWHUHGIURPWKHLU
UHVSHFWLYHYDULDQFHSORWVWKHVWDQGDUGGHYLDWLRQGDWDVKRZWKDWWKHVFDWWHUIURPWKHOLQHDUILWLVDERXWWKHRUGHURI
 LQFDVHRI+$DQGRIWKHRUGHURI IRU&+$DQG&+$7KLVPXFKOHVVVLJQLILFDQW6'IURPWKHOLQHDUILWRI
WKH WKUHH VDPSOHV VXSSRUWV WKDW WKH DVVXPSWLRQ RI XQLIRUP VWUDLQ LQ DOO FU\VWDOORJUDSKLF GLUHFWLRQV IRU WKH WKUHH
VDPSOHVPDGHLQWKHSUHVHQWDQDO\VLVLVDFFHSWDEOHLQDUHDVRQDEOHDSSUR[LPDWLRQ7KLVLVIXUWKHUMXVWLILHGIURPWKH
5 YDOXHVZKLFKFRQILUPKRZZHOOWKHH[SHULPHQWDOGDWDFRXOGEHDSSUR[LPDWHGE\OLQHDUUHODWLRQVKLSRIWKHOLQHDU
ILWRI WKHYDULDQFHSORWV +RZHYHU WKH VFDWWHULQJRI WKHH[SHULPHQWDOGDWDSRLQWVDZD\IURP WKH OLQHDU ILW LVYHU\
PXFKOHVVVLJQLILFDQWLQ+$FRPSDUHGWR&+$DQG&+$7KLVFRQILUPVWKDWWKHDVVXPSWLRQRIWKHXQLIRUPVWUDLQ
KROGVJRRGPRUH LQ+$FRPSDUHG WR WKDWRI&+$DQG&+$7KLV VXFFHVVLYHGHYLDWLRQ IURP WKHXQLIRUPLW\RI
ODWWLFHVWUDLQ ZLWKDQ LQFUHDVHRIFDUERQDWHVXEVWLWXWLRQPLJKWEHGXH WR WKH LQFUHDVHGPRGLILFDWLRQV LQWURGXFHGE\
WKH FDUERQDWH VXEVWLWXWLRQGHULYHG VWUHVV ILHOGV+RZHYHU WKHGDWDSRLQWV DUH FORVH WR WKH OLQHDU ILW LQ DOO WKH WKUHH
SORWVDQGKHQFHWKHHVWLPDWHGFU\VWDOOLWHVL]HIRU+$&+$DQG&+$DUHLQJRRGDJUHHPHQWZLWKWKH7(0UHVXOWV
DVGLVFXVVHGLQVHFWLRQ
 'LVVROXWLRQVWXG\RI+$DQG&+$SDUWLFOHV
7KHUHODWLYHZHLJKWVRI+$&+$DQG&+$DIWHUKLQVLPXODWHGRVWHRFODVWLFUHVRUSWLRQFRQGLWLRQDUHVKRZQ
LQ )LJ  7KH FKHPLFDO VWDELOLW\ RI WKH +$V DW RVWHRFODVWLF UHVRUSWLRQ FRQGLWLRQ GHFUHDVHG ZLWK DQ LQFUHDVH LQ
FDUERQDWHVXEVWLWXWLRQDVHYLGHQFHGE\WKHLQFUHDVLQJUDWHRIGLVVROXWLRQIURP+$WR&+$7KHVH LQYLWUR UHVXOWV
VXJJHVWWKDWWKHFDUERQDWHVXEVWLWXWLRQVLQ+$RIIHUWKHDELOLW\WRSUHSDUH+$VZLWKGLIIHUHQWGHJUHHVRIVROXELOLW\
)LJ6ROXELOLW\RI+$&+$DQG&+$LQVLPXODWHGRVWHRFODVWLFUHVRUSWLRQFRQGLWLRQRIS+
7KHQDQRFU\VWDOOLQH&+$SRVVHVVLQJVOLJKWO\KLJKHUVROXELOLW\WKDQWKHQDQRFU\VWDOOLQH&+$RU+$XQGHUWKH
FRQGLWLRQVRIRVWHRFODVWLF UHVRUSWLRQPD\EHDSUHIHUUHGPDWHULDO IRUERQHDSSOLFDWLRQVZKHUHKLJKHU VROXELOLW\ LV
UHTXLUHG WR SDUWLFLSDWH LQ WKH JHQHUDO UHPRGHOOLQJ RI WKH VNHOHWDO V\VWHP7KH QDQRFU\VWDOOLQH+$VZLWK GLIIHUHQW
FDUERQDWH FRQWHQWV &+$V KDYLQJ GLIIHUHQW VROXELOLW\ EHKDYLRXU ZRXOG HQDEOH WKH VXUJHRQV WR FKRRVH WKH
DSSURSULDWHPDWHULDO IRU WKH QHHGV RI VSHFLILF DSSOLFDWLRQ7KH KLJKHU VROXELOLW\ RI &+$FDQ EH DWWULEXWHG WR LWV
KLJKHUGLVORFDWLRQGHQVLW\FRPSDUHGWRWKDWRI&+$DQG+$+LJKHUWKHGLVORFDWLRQGHQVLW\PRUHLVWKHGLVVROXWLRQ
UDWH7KLVLVGXHWRWKHIDFWWKDWGLVORFDWLRQVDUHWKHUPRG\QDPLFDOO\XQVWDEOHKDYLQJDQDVVRFLDWHGORFDOL]HGHQHUJ\
ZKLFKUHVXOWVLQDQLQFUHDVHLQIUHHHQHUJ\DQGDUHGXFWLRQLQWKHDFWLYDWLRQHQHUJ\IRUGLVVROXWLRQDWSRLQWVZKHUH
WKH\HPHUJHRQWKHFU\VWDOIDFH+HQFHLWPD\EHVSHFXODWHGWKDWDFU\VWDOLQWHUQPDWHULDOZLWKDKLJKHUGLVORFDWLRQ
GHQVLW\VKRXOGKDYHDKLJKHUWKHUPRG\QDPLFDFWLYLW\ZKLFKPD\UHVXOWLQDJUHDWHURYHUDOOGLVVROXWLRQUDWH7KXVWKH
JUHDWHUFKHPLFDOSRWHQWLDODWWKHGLVORFDWLRQFRUHDQGWKHORFDOL]HGHQHUJ\RIGLVORFDWLRQVLQ&+$DUHUHVSRQVLEOH
IRU WKH HQKDQFHG GLVVROXWLRQ FRPSDUHG WR WKDW RI &+$ DQG +$ $ EULHI PHFKDQLVP RI WKH GLVVROXWLRQ RI WKH
SUHSDUHGSRZGHUSDUWLFOHVFDQEHJLYHQDVIROORZV7KHGLVORFDWLRQVZKLFKDUHOLQHDUGHIHFWVDWDQDWRPLFVFDOHDUH
SUHIHUHQWLDO VLWHV IRU GLVVROXWLRQ :KHQ WKH SRZGHU SDUWLFOHV DUH NHSW LQ WKH WHVWPHGLXP ILUVWO\ DQ HWFK SLWZLWK
KH[DJRQDOV\PPHWU\LVIRUPHGDWWKHGLVORFDWLRQVLWHZKHUHWKHGLVORFDWLRQOLQHSRLQWVWKURXJKWKHVXUIDFHDQGWKH
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SLW H[WHQGV LQ WR WKH FU\VWDO LQ D GLUHFWLRQ SHUSHQGLFXODU WR WKH EDVDO SODQH  ZKLFK UHVXOWV LQ VXFFHVVLYH
GLVVROXWLRQ $ GHWDLOHG PHFKDQLVP RI GLVVROXWLRQ RI VLQJOH FU\VWDO K\GUR[\DSDWLWH LQ FLWULF DQG ODFWLF DFLGV ZDV
UHSRUWHGE\RWKHU UHVHDUFKHUV -RQJHEORHG HW DO +HQFH LW FDQEH FRQFOXGHG WKDW WKH&+$ZLWK D KLJKHU
GLVORFDWLRQGHQVLW\ LVPRUH OLNHO\ WREHDWWDFNHGE\ WKHDFLGVRQ WKHVXUIDFHFRPSDUHG WR WKDWRI&+$DQG+$
7KLVUHVXOWVLQWKHKLJKHUGLVVROXWLRQUDWHIRU&+$FRPSDUHGWRWKDWRI&+$DQG+$
7(0DQDO\VLVRI+$DQG&+$SDUWLFOHV
7KH EULJKW ILHOG WUDQVPLVVLRQ HOHFWURQ PLFURVFRSLF LPDJHV RI +$ &+$ DQG &+$ QDQRSDUWLFOHV LQ DV
V\QWKHVL]HG FRQGLWLRQ DUH VKRZQ LQ )LJ  D E DQG F UHVSHFWLYHO\7KH+$SDUWLFOHV DUH RI URGOLNH VKDSHG
PRUSKRORJ\ DQG DUH D ELW ORQJHU ZLWK PRUH UHJXODU DQG FOHDU FRQWRXU ,Q DGGLWLRQ WKH +$ SDUWLFOHV VKRZHG
FRPSDUDWLYHO\ OHVV WHQGHQF\ WR DJJORPHUDWH DV VKRZQ LQ )LJ  D ,Q FRPSDULVRQ WR WKH +$ SDUWLFOHV &+$
SDUWLFOHVORRNOLNHZLWKQHDUURGOLNHRUQHHGOHOLNHVKDSHGPRUSKRORJ\DQGZLWKDVLPLODUWHQGHQF\WRDJJORPHUDWH
2QWKHRWKHUKDQG&+$SDUWLFOHVORRNOLNHZLWKHOOLSVRLGOLNHVKDSHGPRUSKRORJ\DQGZLWKDFRPSDUDWLYHO\PRUH
WHQGHQF\ WR DJJORPHUDWH7KLV LV GXH WR WKH IDFW WKDW DV WKH FDUERQDWH FRQWHQW LQ+$ ODWWLFH LQFUHDVHV WKH DSDWLWH
VWUXFWXUH EHFRPHV PRUH DPRUSKRXV DQG UHVXOWV LQ DQ LQFUHDVHG DJJORPHUDWLRQ 7KH VL]HV RI +$ DQG &+$
QDQRSDUWLFOHVDUHHVWLPDWHGIURP7(0LPDJHVE\LPDJHDQDO\VLVGRQHZLWKDIUHHO\DYDLODEOH,0$*(-VRIWZDUH
7KH+$SDUWLFOHVH[KLELWHGDOHQJWKRIDERXWQPDQG DZLGWKRIDERXWQPFRUUHVSRQGLQJWRDQDVSHFWUDWLRRI
DERXW2QWKHRWKHUKDQGWKH&+$SDUWLFOHVH[KLELWHGDOHQJWKRIDERXWQPDQGDZLGWKRIDERXWQP
FRUUHVSRQGLQJWRDQDVSHFWUDWLRRIDERXW6LPLODUO\&+$SDUWLFOHVH[KLELWHGDOHQJWKRIDERXWQPDQGD
ZLGWKRIDERXWQPFRUUHVSRQGLQJWRDQDVSHFWUDWLRRIDERXW+RZHYHUWRFRUUHODWHWKHUHVXOWVREWDLQHGIURP
YDULRXVDQDO\VHVWKHVL]HVRI+$DQG&+$REWDLQHGIURP7(0DQDO\VLVZHUHH[SUHVVHGDVOHQJWKZLGWKDQG
DUHJLYHQDVDQGQPPHDQ6'IRU+$&+$DQG&+$UHVSHFWLYHO\)URPWKHDERYH
UHVXOWVRI7(0DQDO\VLV LW FDQEHFRQFOXGHG WKDW WKHSDUWLFOHPRUSKRORJ\ LVPRGLILHG IURPURGOLNH VKDSHRI+$
SDUWLFOHVWRH[WHQGHGHOOLSVRLGOLNHVKDSHPRUSKRORJ\RIWKH&+$SDUWLFOHVZLWKLQFUHDVHRIFDUERQDWHFRQWHQWLQ
+$ ODWWLFH 6LPLODU WUHQG RI PRGLILFDWLRQ LQ WKH PRUSKRORJ\ RI FU\VWDOOLQH +$ SDUWLFOHV IURPURG OLNH VKDSH WR
VSKHULFDOVKDSHZLWKLQFUHDVHRIFDUERQDWHFRQWHQWZHUHDOVR REVHUYHGE\ RWKHUUHVHDUFKHUV/LDRHWDO
)LJ7(0PLFURJUDSKVRIDVV\QWKHVL]HGQDQRFU\VWDOOLQH+$D&+$EDQG&+$F
 &RQFOXVLRQV
1DQRFU\VWDOOLQH +$ DQG &+$ SDUWLFOHV ZHUH VXFFHVVIXOO\ V\QWKHVL]HG E\ PLFURZDYH PHWKRG XQGHU LGHQWLFDO
SURFHVVLQJ FRQGLWLRQV 7KHUH LV D VLJQLILFDQW GLIIHUHQFH EHWZHHQ REWDLQHG FU\VWDOOLWH VL]H YDOXH E\ WKH 6FKHUUHU
DQDO\VLVDQGWKH7(0DQDO\VLVIRU+$DQG &+$SDUWLFOHV7KHUHLVDJRRGDJUHHPHQWEHWZHHQWKHFU\VWDOOLWHVL]H
YDOXHVREWDLQHGE\YDULDQFHDQDO\VLVDQGWKDWREWDLQHGE\7(0DQDO\VLVIRU+$DQG&+$SRZGHUSDUWLFOHV+HQFH
YDULDQFHDQDO\VLVUHVXOWVDUHPRUHDFFXUDWHIRUWKHHVWLPDWLRQRIFU\VWDOOLWHVL]HZKHQFRPSDUHGWR6FKHUUHUDQDO\VLV
7KHUHIRUHLWLVVXJJHVWHGWKDWWKHFRQWULEXWLRQIURPWKHLQVWUXPHQWDOHIIHFWVDQGWKHODWWLFHVWUDLQHIIHFWWRWKH;UD\
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SHDNEURDGHQLQJQHHG WREHFRQVLGHUHGZKLOHFDOFXODWLQJ WKHFU\VWDOOLWH VL]HYDOXHRIQDQRPDWHULDOV7KHYDULDQFH
DQDO\VLVFDQDOVREHDSSOLHG WRHVWLPDWHPRUHDFFXUDWHO\ WKHRWKHUPLFURVWUXFWXUDOSDUDPHWHU VXFKDV ODWWLFH VWUDLQ
DQGWKHUHE\GLVORFDWLRQGHQVLW\SUHVHQWLQWKHPDWHULDOXQGHUVWXG\7KHLQFRUSRUDWLRQRI &2
 LQWKHFU\VWDOODWWLFH
RI+$UHVXOWVLQORZHUFU\VWDOOLQLW\FU\VWDOOLWHVL]HWKHKLJKHUODWWLFHVWUDLQDQGWKHKLJKHUGLVORFDWLRQGHQVLW\RI+$
ZKLFK LQ WXUQ DUH UHVSRQVLEOH IRU WKH LPSURYHG VROXELOLW\ RI &+$ XQGHU WKH SHUIRUPHG WHVW FRQGLWLRQV 7KH
VXEVWLWXWLRQRIFDUERQDWHLQ+$ODWWLFHUHVXOWVLQDQLQFUHDVHLQGLVORFDWLRQGHQVLW\ZKLFKLQWXUQLQFUHDVHVWKHDFWLYH
VLWHVIRUGLVVROXWLRQE\WKHDFLGPHGLXP
5HIHUHQFHV
$TXD('7KHVHSDUDWLRQRISDUWLFOHVL]HDQGVWUDLQE\WKHPHWKRGRIWKHYDULDQFH$FWD &U\VWDOORJUDSKLFD
$VWDOD56WRWW0- )LUVW SULQFLSOHV LQYHVWLJDWLRQRIPLQHUDO FRPSRQHQW RI ERQH&2 VXEVWLWXWLRQV LQK\GUR[\DSDWLWH&KHPLVWU\RI
0DWHULDOV
%HVW 6 %RQILHOG:   3URFHVVLQJ EHKDYLRXU RI K\GUR[\DSDWLWH SRZGHUV ZLWK FRQWUDVWLQJPRUSKRORJ\ -RXUQDO RI0DWHULDOV 6FLHQFH
0DWHULDOVLQ0HGLFLQH
&XOOLW\%'(OHPHQWVRI;UD\GLIIUDFWLRQ$GGLVRQ:HVOH\3XEOLVKLQJ&RPSDQ\,QF/RQGRQ
'X&&XL)=)HQJ4/=KX;'*URRW.'7LVVXHUHVSRQVHWRQDQRK\GUR[\DSDWLWHFROODJHQFRPSRVLWH LPSODQWVLQPDUURZ
FDYLW\-RXUQDORI%LRPHGLFDO0DWHULDOV5HVHDUFK
-RQJHEORHG :/ 9DQGHQEHUJ 3- $UHQGV -  7KH GLVVROXWLRQ RI VLQJOH FU\VWDOV RI K\GUR[\DSDWLWH LQ FLWULF DQG ODFWLF DFLGV
&DOFLILHG WLVVXH UHVHDUFK
.UDMHZVNL$0D]]RFFKL0%XOGLQL3/5DYDJOLROL$7LQWL$7DGGHL3)DJQDQR&6\QWKHVLVRIFDUERQDWHGK\GUR[\DSDWLWH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